A pale-brown-coloured, rod-shaped, non-motile, and Gram-reaction-negative bacterium, strain I54
The genus Soonwooa in the family Flavobacteriaceae was proposed by Joung et al. [1] based on the description of strain HM0024
T isolated from coastal seawater of the Yellow Sea, Republic of Korea. Ever since that description, there have been no reports on the occurrence of strains belonging to the genus Soonwooa except for two strains isolated from the Nile tilapia Oreochromis niloticus [2] and two strains from refrigerated bone-in whole raw duck meat [3] . In this communication, we present the isolation and polyphasic characterization of a Gram-reaction-negative, aerobic, rod-shaped, non-motile and non-spore-forming bacterium, and its description as the member of a novel species within the genus Soonwooa.
Strain I54
T was isolated from water sample of Iksan river, Republic of Korea as a chloramphenicol-resistant bacterium. Pure culture of the strain was obtained by repeated streaking on Mueller-Hinton agar plates containing chloramphenicol (16 µg ml À1 ) and was preserved as stocks in each of glycerol (20 %), sucrose (10 %) and skim milk (10 %) at À80
C. Following the protocol described previously [4] , identification of strain I54 T was carried out by PCR amplification and sequencing of the 16S rRNA gene using universal primers 27F (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢). Comparison of the almost-complete sequence (1418 bp) with the available 16S rRNA gene sequences using EzBioCloud server [5] revealed that strain I54
T was phylogenetically close to Soonwooa buanensis HM0024
T with a sequence similarity of 97.5 % followed by less than 95.0 % with the members of the genera Elizabethkingia and Chryseobacterium in the family Flavobacteriaceae. By using the neighbour-joining (NJ) [6] , maximum-parsimony (MP) [7] and minimum evolution (ME) [8] methods in MEGA6 software [9] , phylogenetic analysis of the 16S rRNA gene sequences of strain I54
T and those of the most closely related type strains belonging to the genera Elizabethkingia and Chryseobacterium was performed. Evolutionary distances in the NJ and ME trees were calculated in a pair-wise deletion procedure using Kimura's two-parameter correction [10] . Robustness of the phylogenetic trees was evaluated by a bootstrap procedure with 1000 replications [11] . All of the three phylogenetic trees summarized in Fig. 1 showed that strain I54
T clustered with S. buanensis HM0024 T with high bootstrap support. For taxonomic analysis, the type strain S. buanensis HM0024 T (=KCTC 22689 T ) was procured from the Korean Collection for Type Cultures (KCTC). As strain I54
T showed optimum growth on tryptone soy agar (TSA) and the type strain S. buanensis HM0024 T was also reported to grow on TSA [1] , further comparative characterization was carried on TSA/tryptone soy broth (TSB) following the recommended standards proposed by Tindall et al. [12] and Bernardet et al. [13] .
Morphological characteristics (cell shape, size, presence of flagellar and gliding motility) of strain I54 T were observed by using Primo Star phase contrast light microscope (Zeiss). For scanning electron microscopy, cells were fixed with 2 % paraformaldehyde and 2 % glutaraldehyde in sodium cacodylate buffer (0.05M, pH 7.2) for 2 h at 4 C. Then, postfixation was performed by using secondary fixative 1 % osmium tetroxide in 0.05M sodium cacodylate buffer (pH 7.2) for 90 min at room temperature. The sample was dehydrated in an ethanol series from 40 to 100 %, dried with 100 % hexamethyldisilazane and coated with platinum using a sputter coater EM ACE200 (Leica). Images were captured by using a Supra 40VP field emission scanning electron microscope (Zeiss). The Gram reaction was performed by the standard staining method and also by the non-staining method using 3 % (w/v) KOH [14] . Cells of strain I54
T were Gram-reaction-negative, rod-shaped, devoid of flagellar and gliding motility, non-spore-forming, 1-2 µm long and 0.3-0.4 µm wide (Fig. S1 , available in the online version of this article). Colonies of strain I54
T on TSA were pale brown coloured, round and convex with entire margins whereas those of HM0024 T were pale yellow coloured, round and convex with entire margins. In addition, liquid culture of strain I54
T under continuous agitation produced pink-red coloured pigments after 48 h of incubation (Fig. S2) . Cellular pigments from 50 mg dry biomass were extracted using acetone/methanol (1 : 1, v/v) [15] and also only methanol [16] and their absorption spectra were determined by using a scanning UV/visible spectrophotometer (UV-1800, SHI-MADZU). Pigment extracts of strain I54
T in both the solvent systems showed absorption maxima at 400, 503, 537 (8), 574 and 627(9) nm (Fig. S2b, d ). However, in contrast with the species description of S. buanensis [1] , the pigment extracts of the type strain HM0024
T did not show absorption maxima at 421, 450 and 474 nm in either of the solvent systems (Fig. S2a, c) . No colour change was observed when colonies of strains I54
T and HM0024 T were flooded with 20 % KOH, indicating the absence of flexirubin-type pigments [13] .
Elizabethkingia miricola DSM 14571
T (jgi.1048980)
Elizabethkingia meningoseptica ATCC 13253 T (ASAN01000081)

Soonwooa purpurea I54 T (LT717348)
Soonwooa buanensis HM0024 T (FJ713810)
Chryseobacterium molle DSM 18016 T (jgi.1107922)
Chryseobacterium bovis H9 T (EF204446)
Chryseobacterium hispanicum VP48 T (AM159183)
Chryseobacterium haifense H38 T (EF204450)
Chryseobacterium carnis NCTC 13525 T (JX100817)
Chryseobacterium scophthalmum DSM 16779 T (jgi.1096613)
Chryseobacterium piscium LMG 23089 T (AM040439)
Chryseobacterium balustinum DSM 16775 T (jgi.1096607)
Chryseobacterium greenlandense UMB34 T (LMAI01000003)
Chryseobacterium aquaticum KCTC 12483 T (LLYZ01000003)
Chryseobacterium polytrichastri YG4-6 T (KC560018)
Chryseobacterium limigenitum SUR2 T (LN811705)
Chryseobacterium aahli T68 T (JX287893) T among the members of the family Flavobacteriaceae based on 16S rRNA gene sequences from the EMBL and EZBioCloud database (accession numbers are given in parentheses). Using the MEGA6 software package, multiple alignment, distance calculations (according to Kimura's two-parameter model) and clustering were performed. Bootstrap values (!50) based on 1000 replication are shown at the nodes. Filled circles indicate that the corresponding nodes were also recovered in the trees reconstructed with the maximum-parsimony and minimum evolution algorithms. Gilvibacter sediminis Mok-1-36 T (AB255368) was used as an outgroup (not shown). Bar, 0.02 nucleotide substitutions per nucleotide position.
Requirement of NaCl for growth and tolerance to various concentrations of NaCl was tested using tryptone soy basal medium added with 0-3 % (w/v) NaCl with an interval of 0.5 %. Growth at different pH levels was tested in TSB adjusted to pH between 4.0-12.0 (with an interval of 0.5) using phosphate-citrate (4.0-6.5), Tris-HCl (7.0-9.0), NaHCO 3 -NaOH (9.5-11.0) and Na 2 HPO 4 -NaOH (11. T could grow over a temperature range of [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] C (optimum at 30 C) and a pH range of 7.0-8.0 (optimum 7.0). Growth also occurred in the presence of 5 % CO 2 . NaCl was not required for growth of strain I54
T but it showed optimum growth at 0.5 % (w/v) with tolerance up to 2.0 % (w/v). By following the Kirby-Bauer disc diffusion method [17] , susceptibility to various antibiotics was tested on MuellerHinton agar with susceptibility discs containing antibiotics (µg per disc): gentamicin (10) T showed resistance to gentamicin, amoxicillin, meropenem, tetracycline, erythromycin, tylosin, ciprofloxacin, clindamycin, vancomycin, sulfamethoxazole, trimethoprim, colistin, fosfomycin and chloramphenicol; and it was sensitive to cephalexin, linezolid and rifampicin.
Utilization of different substrates as sole carbon source was determined using a GN2 microplate test panel (Biolog). In addition, fermentation/oxidation of carbohydrates, enzymatic assays and other biochemical tests were performed using API ZYM, API 20E and API 20NE strips following the manufacturer's instructions (bioM erieux). Catalase and oxidase activities were determined using 3 % H 2 O 2 solution and 1 % aqueous solution of N,N,N¢,N¢-tetramethyl-p-phenylenediamine dihydrochloride, respectively, according to the standard protocols [18] . Polar lipids were extracted following the integrated protocol by Minnikin et al. [19] and separated by two-dimensional chromatography on silica gel thin-layer chromatography plates (Kieselgel 60 F254, Merck) with mobile phases of chloroform/methanol/water (65 : 25 : 4, v/v/v) and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, v/v/v/v) in the first and second dimensions, respectively [20] . Plates were sprayed with 5 % ethanolic molybdophosphoric acid to detect the total polar lipids, and the reagents ninhydrin, molybdenum blue or a-naphthol to detect specific functional groups of amino, phosphates or sugars, respectively [21, 22] . Both strains contained phosphatidylethanolamine, one aminolipid and two unknown lipids (UL2 and 3) as the major polar lipids and one aminophospholipid, two aminolipids (AL2 and 3) and one unknown lipid (UL1) in minor quantities. However, strain HM0024
T is differentiated from strain I54
T by the presence of an additional unknown lipid (UL4) in minor quantities (Fig. S3) . To determine and compare the cellular fatty acid composition, strains I54
T and HM0024
T were both grown on TSA at 30 C for 2 days. Fatty acid methyl esters were prepared, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI version 6.0) [23] . In accordance with the genus characters, strain I54
T contained iso-C 15 : 0 , iso-C 17 : 0 3-OH, anteiso-C 15 : 0 , and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) as the predominant fatty acids. However, in contrast with Joung et al. [1] , during the present study it was observed that the fatty acid iso-C 17 : 1 !7c was not detected and iso-C 16 : 0 3-OH was present in minor quantities (<5 %) in strain HM0024
T . Instead, the presence of iso-C 17 : 1 !9c was observed in both strains HM0024 T (15.9 %) and I54 T (4.8 %). Relative proportions of major fatty acids differentiate strain I54
T from strain HM0024 T (Table 2 ). Following the protocol described by Tamaoka et al. [24] , quinones were extracted from a wet culture pellet by mixing with chloroform/methanol (2 : 1, v/v) and shaking for 3-4 h. The suspension was filtered (Whatman No. 2 filter paper), concentrated and suspended in 100 µl chloroform/methanol (8.5 : 1.5, v/v). The suspension was centrifuged (14 000 r.p.m., 5 min) and supernatant was analysed using high-performance liquid chromatography (HPLC, YOUNG LIN YL9100; YL9111 Binary pump, Republic of Korea) with a methanol/isopropyl ether (4 : 1) solvent system (flow rate 1.0 ml min À1 ) and a Spherisorb 5 µm ODS2 column (4.6Â150 mm, Waters). Quinones were detected at 254 nm by using a YOUNG LIN YL9120 UV/Vis detector and data was analysed using YOUNG LIN Autochro-3000 apparatus. As a result, MK6 was observed to be the only respiratory quinone in strain I54
T as like in strain HM0024
T [1] .
Extraction and purification of genomic DNA was carried out following the protocol mentioned by Marmur [25] and the mol% G+C of the DNA was determined by HPLC [26] . Genomic DNA G+C content of strain I54 T was observed to be 34.2 (±0.3) mol%. In addition, the DNA G+C content of strain HM0024
T was observed to be 34.4 (±1.5) mol% which is different to the reported value [1] . A DNA-DNA hybridization experiment was not performed because the 16S rRNA gene sequence similarity between strain I54 T and HM0024 T was 97.5 %, which is below the recommended threshold of 98.65 % for differentiating two species [27] . In addition, the similarity value of 97.5 % corresponds to a maximum probability of 0.1 % error in wrongly differentiating a species within the phylum Bacteroidetes [28] .
Along with the phylogenetic distinctiveness, strain I54 T could also be differentiated from the closely related type strain, S. buanensis, by phenotypic characteristics such as colony colour, pigment production, indole production, carbon substrate utilization, enzyme activities and fatty acid composition (Tables 1, 2 and S1 ). This justifies the placement of strain I54
T as member of a novel species within the genus Soonwooa, for which the name Soonwooa purpurea sp. nov. is proposed. During the present study it was also observed that the biochemical characters, carbon substrate utilization pattern and polar lipid profile of S. buanensis HM0024 T was not in accordance with the species description by Joung et al. [1] . Hence we propose an emended description for the species S. buanensis.
DESCRIPTION OF SOONWOOA PURPUREA SP. NOV.
Soonwooa purpurea (pur.pu¢re.a. L. fem. adj. purpurea, vermillion, crimson referring to the pink-red pigment produced by the strain).
Cells are aerobic, Gram-reaction-negative, 1-2 µm long and 0.3-0.4 µm wide, non-spore-forming and devoid of flagellar and gliding motility. Colonies on TSA are pale brown coloured, round and convex with entire margins. Growth occurs over temperature range of 20-37 C (optimum 30 C) and at pH 7.0-8.0 (optimum 7.0). Can grow in the presence of 5 % CO 2 . Does not require NaCl for growth but can tolerate up to 2.0 % (w/v). Can also grow on nutrient agar, Luria-Bertani agar and Reasoner's 2A agar. The type strain is positive for catalase, oxidase, gelatinase, aesculin hydrolysis, tryptophan deaminase, indole production, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase, but negative for the methyl red test, VP test, citrate utilization, H 2 S production, urea hydrolysis, nitrate reduction, a-glucosidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, N-acetyl-b-glucosaminidase and a-fucosidase. With GN2 microplate, can oxidise all compounds except for dextrin, Tween 80, D-mannose, citric acid, a-keto valeric acid, D-saccharic acid, D-alanine, L-histidine, L-pyroglutamic acid, D-serine, D,L-carnitine, uridine, phenyethylamine and putrescine. MK6 is the sole respiratory quinone. Predominant fatty acids include iso-C 15 : 0 , iso-C 17 : 0 3-OH, anteiso-C 15 : 0 , and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). Major polar lipids are phosphatidylethanolamine, one aminolipid (AL1) and two T (data obtained from comparative characterization at the author's laboratory following the recommended standards). +, Substrate utilized/present; À, substrate not utilized/ absent. Both strains are aerobic, non-motile, Gram-negative, positive for catalase, oxidase, gelatinase, aesculin, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase but negative for nitrate reduction, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urea hydrolysis and acetoin production. MK6 is the sole respiratory quinone in both strains. PE, phosphatidylethanolamine; AL, aminolipid; APL, aminophospholipid; UL, unknown lipid. 
